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  2- 57- 21- 94068:  ﺷﻤﺎره ﻣﺼﻮب 
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  ﻋﻴﺴﻲ ﻋﺒﺪاﻟﻌﻠﻴﺎن:   ﻣﺠﺮﻳﺎن / ﻧﺎم و ﻧﺎم ﺧﺎﻧﻮادﮔﻲ ﻣﺠﺮي 
ﻟﻴﻠﻲ ﻳﻮﺳﻒ آﻓﺘﺎﺑﺴﻮ ار ، ﻛﻴﻮﻣﺮث روﺣﺎﻧﻲ ﻗﺎدﻳﻜﻼﻳﻲ، ﺳﻌﻴﺪ ﻣﺴﻨﺪاﻧﻲ، ﺣﺠﺖ اﻟﻪ ﻓﺮوﻏﻲ ﻓﺮد، :  ﻧﺎم و ﻧﺎم ﺧﺎﻧﻮادﮔﻲ ﻫﻤﻜﺎران 
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  ﺣﺴﻴﻦ رﻳﺎﺣﻲ: ﻧﺎم و ﻧﺎم ﺧﺎﻧﻮادﮔﻲ ﻣﺸﺎوران 
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    رﺷﺪ و ﺑﺎزﻣﺎﻧﺪﮔﻲ  ﻻرو ﻣﻴﮕﻮي ﻫﻨﺪي  
  2-57-21-94068 :ﻛﺪ ﻣﺼﻮب 
  09/9/91  :ﺗﺎرﻳﺦ      86693 ( :  ﻓﺮوﺳﺖ)ﺷﻤﺎره ﺛﺒﺖ 
ﺑﺎ ﻣﺴﺌﻮﻟﻴﺖ اﺟﺮاﻳﻲ ﺟﻨﺎب آﻗﺎي  ﻋﻴﺴﻲ ﻋﺒﺪاﻟﻌﻠﻴﺎن داراي ﻣﺪرك ﺗﺤﺼﻴﻠﻲ ﻛﺎرﺷﻨﺎﺳـﻲ ارﺷـﺪ  در 
  . ﺑﺎﺷﺪ رﺷﺘﻪ ﺷﻴﻼت ﻣﻲ
ﭘﺮوژه ﺗﻮﺳﻂ داوران ﻣﻨﺘﺨﺐ ﺑﺨﺶ اﺻﻼح ﻧﮋاد و ﺗﻜﺜﻴﺮ و ﭘﺮورش آﺑﺰﻳﺎن  در 
  . و رﺗﺒﻪ  ﺧﻮب ﺗﺄﻳﻴﺪ ﮔﺮدﻳﺪ  71/5ﻣﻮرد ارزﻳﺎﺑﻲ و ﺑﺎ ﻧﻤﺮه   09/5/3 ﺗﺎرﻳﺦ
  : در زﻣﺎن اﺟﺮاي ﭘﺮوژه، ﻣﺠﺮي در 
    □ﺎهﮕاﻳﺴﺘ  □ﻣﺮﻛﺰ  ■ﭘﮋوﻫﺸﻜﺪه     ﷼ﺳﺘﺎد  
  . ﺑﺎ ﺳﻤﺖ ﻛﺎرﺷﻨﺎس ﭘﮋوﻫﺸﻜﺪه اﻛﻮﻟﻮژي ﺧﻠﻴﺞ ﻓﺎرس و درﻳﺎي ﻋﻤﺎن ﻣﺸﻐﻮل ﺑﻮده اﺳﺖ
   
  
  ﺑﻪ ﻧﺎم ﺧﺪا
  
   ﺻﻔﺤﻪ                                        «  ﻣﻨﺪرﺟﺎت  ﻓﻬﺮﺳﺖ»                                   ﻋﻨﻮان
  
    1 ...................................................................................................................................... ﭼﻜﻴﺪه
  2 ...................................................................................................................................ﻣﻘﺪﻣﻪ -1
 3 ...........................................................................................  ﻣﺮوري ﺑﺮ ﻣﻄﺎﻟﻌﺎت ﮔﺬﺷﺘﻪ .1-1
  5 ..............................................................  ﻛﻠﻴﺎﺗﻲ در ارﺗﺒﺎط ﺑﺎ ﺟﻠﺒﻚ ﻫﺎي ﻣﺎﻛﺮوﺳﻜﻮﭘﻲ.1-2
  8 ..............................................................  ﻛﻠﻴﺎﺗﻲ در ارﺗﺒﺎط ﺑﺎ ﺟﻠﺒﻚ ﻫﺎي ﻣﻴﻜﺮوﺳﻜﻮﭘﻲ.1-3
  11 ...........................................................  sucidni sueanePﻛﻠﻴﺎﺗﻲ ﺑﺮ ﻣﻴﮕﻮي ﺳﻔﻴﺪ ﻫﻨﺪي  .1-4
  51 ...................................................................................................................... ﻣﻮاد و روﺷﻬﺎ  -2
  51 .........................................................  ﺟﻤﻊ آوري ﻧﻤﻮﻧﻪ و آﻣﺎده ﺳﺎزي ﻋﺼﺎره ﺟﻠﺒﻜﻲ.  2-1 
  81 .......................................................................  آﻧﺎﻟﻴﺰ ﻋﺼﺎره ﺟﻠﺒﻚ ﻫﺎي ﻣﺎﻛﺮوﺳﻜﻮﭘﻲ. 2-2
  91 .........................................................  آﻧﺎﻟﻴﺰ ﺗﺮﻛﻴﺒﺎت ﺑﻴﻮﺷﻴﻤﻴﺎﻳﻲ ﺟﻠﺒﻚ ﻣﻴﻜﺮوﺳﻜﻮﭘﻲ.  2-3
  02 ..................................................................................................  ﺗﻌﻴﻴﻦ اﺳﻴﺪﻫﺎي ﭼﺮب.  2-4
 02 .............................................................................................  ﭘﺮورش ﻻرو و ﺗﻐﺬﻳﻪ آن.  2-5
  22 ................................................................. ﺗﻌﻴﻴﻦ ﺗﻜﺎﻣﻞ ﻻروي، ﻃﻮل ﻛﻞ و ﻣﻴﺰان ﺑﻘﺎء.  2-6
  22 .............................................................................. ﺗﻌﻴﻴﻦ ﻃﻮل ﻛﻞ و ﻣﻴﺰان رﺷﺪ وﻳﮋه.   2-7
 32 .................................................................................................ﺗﺠﺰﻳﻪ و ﺗﺤﻠﻴﻞ آﻣﺎري.  2-8
  42 .................................................................................................................................... ﻧﺘﺎﻳﺞ -3
  42 ...........................................  ﻫﺎي ﻣﺎﻛﺮوﺳﻜﻮﭘﻲ ﻣﺎﻛﺮو و ﻣﻴﻜﺮو ﻧﻮﺗﺮﻳﻨﺖ ﻋﺼﺎره ﺟﻠﺒﻚ. 3-1
  42 ..........................................................  ﻴﺒﺎت ﺑﻴﻮﺷﻴﻤﻴﺎﻳﻲ ﺟﻠﺒﻚ ﻫﺎي ﻣﺎﻛﺮوﺳﻜﻮﭘﻲﺗﺮﻛ.  3-2
 92 ...................................................................  ﻣﺎﻛﺮوﺳﻜﻮﭘﻲ ﻫﺎي ﺟﻠﺒﻚاﺳﻴﺪﻫﺎي ﭼﺮب . 3-3
  13 ........................................................... ﻣﺎﻛﺮوﺳﻜﻮﭘﻲ ﻫﺎي ﺟﻠﺒﻚﺗﺮﻛﻴﺐ ﻣﻮاد ﻣﻌﺪﻧﻲ .  3-4
  33 ........................................................................................... ﺗﺮاﻛﻢ ﺳﻠﻮﻟﻲ ﻣﻴﻜﺮوآﻟﮓ.  3-5
  73 ...........................................  a ﻧﺮخ رﺷﺪ وﻳﮋه، وزن ﺳﻠﻮﻟﻲ، زﻳﺘﻮده ﺧﺸﻚ و ﻛﻠﺮوﻓﻴﻞ.  3-6
  54 ...................................................................................  ﺗﺮﻛﻴﺒﺎت ﺷﻴﻤﻴﺎﻳﻲ ﻓﻴﺘﻮﭘﻼﻧﻜﺘﻮن.  3-7
  05 .......................................................................  ﺗﺮﻛﻴﺐ اﺳﻴﺪﻫﺎي ﭼﺮب در ﻣﻴﻜﺮوآﻟﮓ . 3-8
    75 .................................................................................................................  ﻣﻮاد ﻣﻌﺪﻧﻲ.  3-9
   
  
  
   ﺻﻔﺤﻪ                                        «  ﻣﻨﺪرﺟﺎت  ﻓﻬﺮﺳﺖ»                                   ﻋﻨﻮان
  
  16 .......................................................................................................... ﺑﻘﺎي ﻻرو ﻣﻴﮕﻮ . 3-01
  36 ................................................................................................. ﻃﻮل ﻛﻞ و رﺷﺪ وﻳﮋه.  3-11
  66 ................................................................................................................................... ﺑﺤﺚ  -4
  07 ..........................................................................................................................  ﻧﺘﻴﺠﻪ ﮔﻴﺮي -5
  17 ...................................................................................................................................  ﭘﻴﺸﻨﻬﺎدﻫﺎ
  37 ..........................................................................................................................................  ﻣﻨﺎﺑﻊ
  67 ......................................................................................................................................  ﭘﻴﻮﺳﺖ
   18 .........................................................................................................................  ﭼﻜﻴﺪه اﻧﮕﻠﻴﺴﻲ
  
  
  
  
intestinalis(Ulva lactuca & Enthromorpha (Sargassum 
illicifolium & Colpomenia sinuosa)(Hypnea valentiea & Gracilaria corticata)
f/2 
Isochrysis galbanaChaetoceros muelleri
Penaeus indicus
K>Mg>Fe>Zn>Mn>Cu>Co
I. galbana C. muelleri 
P.indicus 
Penaeus indicus  
Isochrysis galbanaChaetoceros muelleri 
   
(Brown et al., 1997)
Isochrysis galbana , Chaetoceros mulleri
arachidonic acid (AA); eicosapentaenoic acid (EPA))docosahexaenoic acid (DHA)
EPADHA
(Zhang, 1997) 
(Henry, 2005)
  
ADEB(Kolb et al.,2004)
       
(Kumlu, 1998; Kumlu and Jones, 1995; Emmerson and Andrews, 1981; Immanuel 
et al.,2001)(Ronquillo et al., 1997) (Rodriguez et al., 1994)
(Cho et al., 1999)
   
(Pratoomyot et al., 2005; Mike, et al., 2006; Brown et al.,1991, 1992, 1993, 1999; Chu et al., 1981 and 
Molina et al., 1991)
(Cho et al., 1999)
(Bazes et al., 2006)(Bansemir et al., 2006)
Gratolopia sp.
Ceramium sp.
(Bazes et al., 2006)
(Bansemir et al., 2006)
(Crouch et al., 1992& 1993)
  
(Cho et al., 1999; Kumar et al., 1994)
(Finnie and Van Staden, 1985; Munda and Gubensek, 1975; Moor and Van Staden, 
1986).
(Zhu et al., 1997; Teoh et al., 2004)
a
bc
.
   
 ab
ac
a
bladestipeholdfast
bladestipeholdfast
  
(Guiry, 2010)
(Adams et al., 2009)
 (Wu and Pang, 2006)
Blunden (1991)
   
(Jones et al., 2001) 
(Brown et al., 1997)  
EPA)( % eicosapentaenoic acid
(Chaetoceros calcitrans, .gracilis, Skeletonema costatum, Thalasiosira pseudonana)C
prymnesiophytes (Pavlova sp. and Isochrysis sp.)cryptomonads(docosahexaenoic 
acid) DHA eustigmatophytes (Nannochloropsis sp.)
  
AA ( arachidonic acid) PUFAs
 
Poly 
unsaturated faty Acids) EPA )(3.2% 
(Brown et al., 1997)
(Cho    et al., 1999)Duerr 
(Skeletonema sp. Chaetoceros sp. and Thalassiosira sp.)(Isochrysis sp.)
(Chroomonas sp. and Rhodomonas sp.)(Pavlova sp., Tetraselmis sp. and Micromonas sp.)
(Dunaliella sp.) (Spirulina sp.)
   
a
)(b
)c(
  
) d(
) E(
F/2 
Penaeus indicus
Penaeus indicus
Penaeus Penaeidae 
   
Scientific classification   
Phylum:    Arthropoda
          class:    Crustacea
                order:   Decapoda
                   :    Penaeoidea
                           Famili:    Penaeidae
                                Genus:     Penaeus (Fenneropenaeus) 
                                          Penaeus Indicus (H. Milne Edwards, 1837) 
                                          Fenneropenaeus indicus (Pérez Farfante, 1969) 
  
(Lee and Williams, 1992)
Durr.( Cho et al.,1999) (1998)
   
Penaeus indicus) ( 2006,FAO
  
Seaweed species Location Geographic 
coordinates 
Ecological 
habitat 
Date of 
Sampling* 
Green seaweed     
U. lactuca Larak Island 26° 52' N, 56° 24' E sandy-muddy April 
E. intestialis Bandar Lengeh 26° 32' N, 54° 52' E sandy-muddy Augest  
Brown seaweed     
C. sinuosa Larak Island 26° 52' N, 56° 24' E sandy-rocky March 
S. illicifolium Bandar Lengeh 26° 32' N, 54° 52' E rocky May  
Red seaweed      
G. corticata Qeshm Island 26° 55' N, 56° 14' E rocky April 
H. valentiea Qeshm Island 26° 55' N, 56° 14' E sandy-muddy May 
   
Ulva lactuca Linnaeus, Enthromorpha intistialis (Linnaeus)Colpomenia 
sinuosa, Sargassum illicifolium (Turner) Gracilaria corticata and Hypnea valentiea (Turner)
  
Gracilaria corticata 
Red 
Hypnea valentiea 
Seaweed
    
Sargassum illicifolium 
Brown  
Colpomenia sinuosa 
Seaweed
Ulva lactuca   
Enthromorpha intestialis 
Green seaweed 
   
 µm(Cho et al., 1999
(AOAC, 1995)(K, 
Mg, Mn, Fe, Cu, Zn, Co and P) MOOPAM (1999)
Isochrysis galbanaC. muelleri
(CSIRO)
f/2  (Guillard and 
Ryther, 1962)
  
 µg.ml-1
f/2°C
tpp
 µ= ln (N1/N0)/ (t1-t0)(Guillard, 1973)µ
N0N1
°C
 AOAC1995
Lowry  (1951)
Bligh and Dyer (1959)v/v)(
   
Folch 
Heneicosanoic acid (C21:0)
Ng et al. (2003)(GC- 
SRI 8610C, USA)Omega-wax 320 (60m×0.25 mm ID, 0.25 µm film, Sigma-Aldrich, USA)
FID flame ionization detector
°Cppt
U/V
U/V
NVIIsochrysis galbanaChaetoceros mulleri
MII
Alfonso
Va = Vt(Cd  Cr)/(Ca  Cr ) 
  
VaVt
CdCr
Ca
I. galbana
C. muelleri 
I. galbanaC. muelleri 
cells L 1 day-1(NVI/ ZIII)cells L 1 
day-1 (MI/MII)MI/MII
F/2
   
Volume of algae feed (ml) = (Td x V) / Cd; 
TdV
2.5Cd
Volume of algae feed (ml) = [(Td  C1)] x V) / Cd; 
C1
I. galbanaC. muelleri 
 RonquilloP. semisulcatus
Survival rate (%) = ( / ) × 100 
  
Specific growth rate (%body length day-1) = 100 [(lnTLf  lnTLi)/t] 
TLiTLft
Excel
SPSS
Duncan
P < 0.05
 
   
Green Brown  Red 
Nutrients U.lactuca E.intestialis S.illicifolium C. sinuosa G.corticat H.valentiea 
Micronutrients       
Fe 1.75 ± 0.08 1.63 ± 0.16 1.90 ± 0.11 1.85 ± 0.05 2.36 ± 0.17 2.18 ± 0.12 
K 78.74 ± 3.56 79.09 ± 3.07 82.66 ± 2.86 80.37 ± 3.48 78.70 ± 4.05 84.42 ± 2.19 
Mg 28.35 ± 0.82 29.26 ± 0.55 26.20 ± 0.34 25.46 ± 0.45 25.80 ± 0.49 26.93 ± 0.30 
Mn  0.39 ± 0.03 0.35 ± 0.03 0.37 ± 0.03 0.33 ± 0.04 0.50 ± 0.02 0.57 ± 0.04 
Zn 0.30 ± 0.06 0.44 ± 0.05 0.38 ± 0.04 0.33 ± 0.04 0.63 ± 0.07 0.54 ± 0.06 
Co 0.02 ± 0.00 0.03 ± 0.00 0.04 ± 0.01 0.03 ± 0.01 0.03 ± 0.00 0.05 ± 0.01 
Cu 0.03 ± 0.00 0.03 ± 0.00 0.04 ± 0.01 0.03 ± 0.00 0.02 ± 0.00 0.03 ± 0.01  
Macronutrients       
Nitrate 20.51 ± 0.81 18.99 ± 0.22 17.63 ± 0.13 18.80 ± 0.14 21.03 ± 0.27 18.42 ± 0.21 
P 13.05 ± 0.18 12.76 ± 0.60 12.53 ± 0.21 12.42 ± 0.49 13.30 ± 0.31 12.71 ± 0.20 
N:P  1.57 1.49 1.41 1.51 1.58 1.45 
± S.D
Duncan(P < 0.05)
  
G. corticataU. lactuca
S. illicifoliumC.sinuosa
(P < 0.05)
(P < 0.05)
U. lactucaE. intestinalis
C. sinuosaG. corticata
   
(P < 0.05)
U. lactucaH. valentiea
  
(P < 0.05)
(P < 0.05)
   
)%±S. illicifolium (%±U.lactuca 
(P < 0.05)
(P < 0.05)
C.sinuosa  
  
mg/g) S.illicifolium mg/g)
)mg/g± U.lactuca (  (
                  
a
(P < 0.05)
%(SFA)
(MUFAs)(PUFAs)
(C14:0; 4.54-12.36%)(C16:0; 37.98-
59.77%)(C16:1n-7; 3.65-
10.57%)(C18:1n-9; 3.45-28.58%)
(C18:3n-3; 0.34-8.37%)
H. valentiea (67.42%) U. lactuca (66.32%)
   
C. sinuosa Sillicifolium G. 
corticata 
Eicosapentaenoic acid (EPA;C20:5n-3)G. 
corticataC. sinuosa 
Docosahexaenoic acid (DHA; C22:6n-3)Arachidonic acid (AA; C20:4n-6)
n-6/n-3 PUFA H. valentiea
E. intestinalis 
  
a
a±S.D. (P < 0.05)
SFA, MUFA, EPA, DHA, AAbPUFAarachidonicdocosahexaenoiceicosapentaenoic
monounsaturatedsaturatedpolyunsaturated fatty acidsn.d.
 
mg/100 g
ilicifoliumS
Green algae Brown algae Red algae 
U. lactuca E. inistinalis S. ilicifolium C. sinuosa G. corticata H. valentiae 
C14:0 11.3 ± 0.5b 12.1 ± 1.0b 11.9 ± 0.3b 12.1 ± 0.8b 12.4 ± 0.6b 11.3 ± 0.5b
C16:0 9.1 ± 1.1 8.6 ± 0.3 9.3 ± 0.1 9.2 ± 0.4 9.3 ± 0.4 8.9 ± 1.3 
C18:0 5.4 ± 1.5 5.3 ± 1.4 4.3 ± 0.9 5.0 ± 0.3 4.4 ± 0.5 5.1 ± 0.1 
C20:0 - - 0.8 ± 0.2a 0.5 ± 0.1b 0.5 ± 0.2b 0.5 ± 0.1b
C22:0 - - - - - - 
C24:0 2.6 ± 0.3b 2.5 ± 0.2b 2.3 ± 0.4b 1.1 ± 0.1c 1.6 ± 0.1c 2.4 ± 0.5b
C14:1n-5 - - 0.6 ± 0.1b 1.0 ± 0.3a 1.2 ± 0.3a 0.5 ± 0.1c
C16:1n-7 8.9 ± 0.2bc 8.8 ± 0.7bc 9.3 ± 0.9ab 10.2 ± 0.9a 10.4 ± 0.4a 10.4 ± 0.8a
C18:1n-7 2.9 ± 0.2b 2.8 ± 0.8b 4.5 ± 0.3a 4.1 ± 1.2a 3.4 ± 0.2ab 3.5 ± 0.2ab
C18:1n-9 12.2 ± 0.8a 11.4 ± 0.5ab 11.5 ± 0.2ab 10.9 ± 0.8b 10.7 ± 0.2b 10.8 ± 0.1b
C20:1n-9 0.9 ± 0.2b 1.8 ± 0.3a 2.0 ± 0.2a 1.8 ± 0.3a 1.7 ± 0.4a 1.6 ± 0.6a
C22:1n-9 - 0.6 ± 0.1c - 0.9 ± 0.3b 0.8 ± 0.1bc 1.3 ± 0.2a
C18:3n-3 12.8 ± 0.6 13.4 ± 1.6 12.9 ± 0.5 13.2 ± 0.6 12.9 ± 0.4 12.7 ± 1.2 
C20:3n-3 - - 0.9 ± 0.1ab 0.8 ± 0.3ab 1.1 ± 0.2a - 
C20:5n-3 
(EPA) b 1.0 ± 0.1 1.2 ± 0.1 1.1 ± 0.1 1.0 ± 0.1 1.2 ± 0.0 1.1 ± 0.2 
C22:6n-3 
(DHA) b 9.4 ± 1.0a 8.4 ± 0.3ab 7.8 ± 0.6b 7.6 ± 0.5b 7.8 ± 0.8b 8.8 ± 0.9ab
C18:2n-6 20.3 ± 0.7a 20.0 ± 0.6a 18.1 ± 0.9b 17.9 ± 0.7b 17.5 ± 1.2b 19.4 ± 0.4a
C20:2n-6 2.9 ± 0.4a 2.3 ± 0.4ab 2.3 ± 0.5ab 2.1 ± 0.4b 2.1 ± 0.2b 1.0 ± 0.4c
C20:4n-6 
(AA) b - - - 0.7 ± 0.1 0.7 ± 0.4 - 
 SFA b 28.5 ± 0.4b 28.6 ± 2.2b 28.6 ± 1.0b 28.9 ± 0.2b 28.4 ± 0.3b 28.3 ± 2.4b
 MUFA b 25.2 ± 0.7 b 25.8 ± 1.3b 28.3 ± 0.9a 27.9 ± 1.1a 28.2 ± 0.5a 28.4 ± 1.3a
 PUFA b 46.3 ± 0.8a 45.6 ± 2.0a 43.1 ± 0.5b 43.2 ± 1.2b 43.4 ± 0.7b 43.3 ± 1.6b
 n-3 23.2 ± 1.7 23.0 ± 1.9 22.7 ± 0.7 22.5 ± 1.4 23.0 ± 1.1 22.6 ± 1.9 
 n-6 23.2 ± 1.0a 22.6 ± 0.4a 20.4 ± 0.7b 20.7 ± 0.3b 20.4 ± 1.8b 20.8 ± 0.4b
n-3/n-6 1.0 ± 0.1 1.0 ± 0.1 1.1 ± 0.1 1.1 ± 0.1 1.1 ± 0.2 1.1 ± 0.1 
DHA/EPA b 9.7 ± 0.2a 6.8 ± 0.7ab 7.0 ± 1.2ab 7.8 ± 0.8ab 6.6 ± 0.7b 7.8 ± 2.1ab
   
G. corticata mg/100 g
mg/100 gE. intestinalis S. illicifolium ]mg/100 g
C. sinuosa  mg/100 g[U. lactuca  ] mg/100 gE. intestinalis 
mg/100 g[< 0.05)(P
C. sinuosamg/100 g
illicifoliumSmg/100 g.H. 
valentiea  mg/100 gG. corticatamg/100 g
E. intestinalis mg/100 g
G.corticata mg/100 gH.valentieamg/100g
mg/100 g G. 
corticata U. lactuca mg/100 g
Fe, K, Mg, Mn, Zn, Cu Comg/100 g 
 a
a±S.D. 
(P < 0.05)
V(USDA, 2009)
Minerals 
Fe         K Mg Mn Zn Co Cu 
U.lactuca 46.4 ± 1.5b 515.6 ± 35.7b 79.1 ± 2.7a 1.5 ± 0.3c 1.6 ± 0.3b 0. 1 ± 0.0c 0.3 ± 0.1b 
E.intistialis 25.3 ± 2.9c 589.3 ± 43.5b 61.7 ± 5.8b 1.3 ± 0.2c 2.1 ± 0.1b 0. 2 ± 0.0b 0.4 ± 0.1ab 
S.illicifolium 58.9 ± 9.3b 876.6 ± 15.9a 81.7 ± 6.9a 1.6 ± 0.1c 2.2 ± 0. 1b 0. 7 ± 0.1a 0.3 ± 0.0b 
C. sinuosa 45.2 ± 2.2b 728.5 ± 50.1b 78.1 ± 1.5a 1.5 ± 0.0c 1.9 ± 0.1b 0. 4 ± 0.0a 0.5 ± 0.1a 
H.valentiea 80.3 ± 9.1a 746.0 ± 40.8b 38.7 ± 1.7c 3.7 ± 0.3a 3.1 ± 0.2a 0. 5 ± 0.0a 0.4 ± 0.0ab 
G.corticat 85.0 ± 5.1a 713.0 ± 46.5b 18.3 ± 1.4d 3.3 ± 0.3a 3.2 ± 0.4a 0. 8 ± 0.2a 0.3 ± 0.1b 
Lettuce V 0.9 194 13 0.3 0.2 ND 0.0 
Spinach V 2.7 558 79 0.9 0.5 ND 0.1 
  
I. galbanaC. muelleri
f/2 
I. galbana
U. lactucacell ml 1×E. intestinalis cell ml 1×corticataG.    
cell ml 1×cell ml 1×(P < 0.05) 
C. muelleriG. corticata
LactucaE. 
intestinalis  , U. G. corticata 
f/2
I. galbanaU. lactuca cell ml 1×      E.intestinalis cell 
ml 1×G. corticata cell ml 1×cell ml 1×
(P < 0.05)
C. muelleri
(P < 0.05) 
f/2
I. galbana 
   
cell ml 1×U. lactucaE. intestinalis cell ml 1×G. corticata cell 
ml 1×cell ml 1×(P < 0.05)
U. lactuca 
(P < 0.05)
C. muelleri
  
(cell × 10 6 ml 1) I. galbana 
a
a±S.D. 
(P < 0.05)
Exp1bExp2Exp3
Green seaweed Brown seaweed Red seaweed 
Control U. 
lactuca 
E. 
intestinalis 
S. 
ilicifolium 
C. 
sinuosa 
G. 
corticata 
H. 
valentiae 
Exp1b 3.48 b 4.25a 4.16a 4.08a 3.58b 4.53a 3.50b 
Exp 2b 3.48 3.58 3.49 3.36 3.38 3.73 3.41 
D
ay
 
3 
Exp 3b 3.48 3.43 3.36 3.31 3.40 3.73 3.41 
Exp1 5.51b 6.45a 5.99ab 5.70b 5.58b 5.91ab 5.54b 
Exp2 5.51a 5.34a 5.19ab 4.74bc 4.60c 5.29ab 4.68c 
D
ay
4 
Exp3 5.51a 5.45a 5.27a 4.76b 4.61b 5.25a 4.67b 
Exp1 6.49b 7.41a 7.03ab 6.65b 6.61b 6.90ab 6.75b 
Exp2 6.49a 5.38b 5.24bc 4.79cd 4.62d 5.33b 4.72d 
D
ay
5 
Exp3 6.49a 5.33b 5.30b 4.85bc 4.69c 5.34b 4.74c 
Exp1 7.18c 9.03a 8.23b 7.27c 7.26c 7.91b 7.38c 
Exp2 7.18a 4.47c 4.55c 4.14d 4.36cd 4.80b 3.68e 
D
ay
6 
Exp3 7.18a 5.79b 5.69bc 5.48bc 5.09cd 5.81b 5.31c 
Exp1 7.38c 9.48a 9.02b 7.51c 7.54c 8.66b 7.61c 
Exp2 7.38a 4.40bc 4.61b 4.06d 4.08d 4.35c 3.61e 
D
ay
7 
Exp3 7.38a 7.16a 6.24b 6.08bc 5.94bc 6.98a 5.70c 
Exp1 7.62c 9.74a 9.19ab 7.65c 7.75c 8.79b 7.73c 
Exp2 7.62a 4.25bc 4.49b 3.78de 3.62e 4.09cd 3.58e 
D
ay
8 
Exp3 7.62ab 8.01a 6.75c 6.42cd 6.47cd 7.46b 6.04d 
Exp1 7.75d 9.84a 9.41b 7.70d 7.84d 8.96c 7.76d 
Exp2 7.75a 3.78c 4.23b 3.57c 3.47c 3.75c 3.36c 
D
ay
9 
Exp3 7.75b 8.50a 7.21c 6.45d 6.54d 7.56bc 6.23d 
Exp1 7.80c 9.89a 9.48ab 7.86c 7.93c 9.06b 7.93c 
Exp2 7.80a 3.51b 3.51b 3.40b 3.02b 3.44b 3.24b 
D
ay
10
 
Exp3 7.80b 8.87a 7.29c 6.53d 6.64d 7.71b 6.32d 
   
(cell × 10 6 ml 1) C. muelleri 
a
a±S.D. 
(P < 0.05)
Exp1bExp2Exp3
Green seaweed Brown seaweed Red seaweed 
Control U. 
lactuca 
E. 
intestinalis 
S. 
ilicifolium 
C. 
sinuosa 
G. 
corticata 
H. 
valentiae 
Exp1b 2.64bc 2.68bc 2.90ab 2.61bc 2.48c 3.04a 2.59c 
Exp2b 2.64 2.62 2.62 2.53 2.40 2.78 2.51 
D
ay
3 
Exp3b 2.64 2.59 2.65 2.57 2.43 2.64 2.43 
Exp1 3.51e 4.55b 4.63ab 3.91d 4.17c 4.83a 4.18c 
Exp2 3.51 3.72 3.64 3.55 3.39 3.90 3.40 
D
ay
4 
Exp3 3.51 3.48 3.43 3.35 3.47 3.52 3.44 
Exp1 4.47d 5.02bc 5.51a 4.49d 4.52d 5.40ab 4.89cd 
Exp2 4.47a 3.94b 3.67bc 3.24c 3.41c 3.95b 3.48bc 
D
ay
5 
Exp3 4.47a 3.55b 3.47b 3.39b 3.36b 3.65b 3.31b 
Exp1 4.98c 5.58ab 5.71a 4.71d 4.95cd 5.74a 5.42b 
Exp2 4.98a 3.95b 3.63bc 3.21c 3.37c 3.84b 3.21c 
D
ay
6 
Exp3 4.98a 4.32bc 4.46ab 3.86bc 3.83c 4.41bc 3.74c 
Exp1 5.51c 5.72ab 5.82a 5.33c 5.48c 5.89a 5.58bc 
Exp2 5.51a 3.91b 3.42b 2.79c 2.85c 3.59b 2.80c 
D
ay
7 
Exp3 5.51a 5.24ab 5.15ab 4.87b 4.35c 5.10ab 4.38c 
Exp1 5.58c 6.15ab 6.31a 5.50c 5.83bc 6.28a 5.77bc 
Exp2 5.58a 3.79b 3.13cd 2.50de 2.59de 3.37bc 2.42e 
D
ay
8 
Exp3 5.58a 5.46ab 5.52ab 5.06bc 4.85c 5.35abc 4.92c 
Exp1 5.59c 6.36a 6.47a 5.98b 6.03b 6.43a 6.03b 
Exp2 5.59a 3.54b 2.90cd 2.32de 2.22e 3.13bc 2.16e 
D
ay
9 
Exp3 5.59a 5.54a 5.55a 5.19ab 5.05b 5.49ab 5.18ab 
Exp1 5.62c 6.58a 6.69a 6.06b 6.11b 6.64a 6.17b 
Exp2 5.62a 3.34b 2.82c 2.19d 2.04d 2.97bc 1.93d 
D
ay
10
 
Exp3 5.62a 5.55ab 5.57ab 5.25ab 5.11b 5.53ab 5.20ab 
  
a
(cell day 1)(pg cell 1)(mg l 1)acell 1)(pg
I. galbana C. muelleri 
f/2 
I. galbana 
U.lactuca cell day 1×E. intestinalis cell day 1×
(P < 0.05) cell day 1×
)(AC.muelleri 
)B
 (I. galbana 
C. muelleri C. sinousa H. valentiae 
(P > 0.05)(A , B
I. galbana U. lactuca cell day 1×
E. intestinaliscell day 1×G. corticata cell day 1×
cell day 1×(P < 0.05)
H. valentiae )(A
C. muelleri U. lactuca cell day 1×E. 
intestinalis cell day 1×G. corticata cell day 1×cell 
day 1×
   
(day 1) (A) I. galbana(B) C. muelleri
(P<0.05)
                                    
(× 106 cell ml 1) (A) I. galbana(B) C. muelleri
(P<0.05)
   
I. galbana
U. lactuca cell day 1×E. intestinalis cell day 1×G. 
corticata cell day 1×cell day 1×
(P < 0.05)H. valentiae 
)A(
C. muelleri U. lactuca cell day 1
×E. intestinalis cell day 1×G. corticata cell day 1×
cell day 1×
)B.(
(P > 0.05)   )  I. galbana   A (  C. muelleri ) B (
I. galbana  U. lactuca               
 mg l 1E. intestinalis mg l 1mg l 1
H. valentiae 
 A 
muelleriC.U. 
lactuca mg l 1E.intestinalis mg l 1G.corticata mg l 1
mg l 1
C.sinousa mg l 1H.valentinamg l 1
(P < 0.05))B.(
  
(pg cell 1) (A) I. galbana(B) C. muelleri
(P<0.05)
   
(mg l 1) (A) I. galbana(B) C. muelleri
(P<0.05)
  
a(P < 0.05)I. galbana
U. lactuca pg cell 1E. intestinalis pg cell 1G. corticata pg cell 1
pg cell 1
)(AC.muelleri a
U. lactuca pg cell 1ntestinalis Epg cell 1G. corticata pg 
cell 1pg cell 1
(P >0.05)a
) (B
   
 a(pg cell 1) (A) I. galbana(B) C. muelleri
(P<0.05)
  
I. galbana muelleri C
U. lactuca %E. intestinalis %%
(P > 0.05))(A
C. muelleri 
)(B
(P > 0.05)), B (A
F/2 I. 
galbana (P > 0.05) 
(P < 0.05) )(AC. muelleri 
>0.05)( P )(B
 I. galbana C. muelleri
(P > 0.05)
)B(A  
   
(% of dry weight)(A) I. galbana(B) C. muelleri
(P<0.05)
                   
(% of dry weight)(A) I. galbana(B) C. muelleri
(P<0.05)
   
(% of dry weight)(A) I. galbana(B) C. muelleri
(P<0.05)
  
(% of dry weight)(A) I. galbana(B) C. muelleri
(P<0.05)
   
 I. galbana 
C. muelleri 
F/2I. galbana %
(P <0.05)%
)(
(P > 0.05)
) (
I. galbana
)( %
)%%
muelleriCC. sinuosa)(
) ((P > 0.05)
(PUFA)I. galbana 
%  (P < 0.05)
)(
%%(P < 0.05) 
)(C.  muelleri 
  
C. muelleri 
 I. galbana(C14:0)
F/2%
%
C. muelleri 
(C16:0)
(P < 0.05) 
I. galbana (C16:1n-7)(C18:1n-9)
U. lactuca %G. corticata %
%).(C. muelleri 
I. galbana (C18:3n-3)
(P > 
0.05)(C18:2n-6) 
%
   
(P < 0.05)
%%
C. muelleri eicosapentaenoic 
acid (EPA; C20:5n-3)
(P > 0.05)
 (P> 0.05)EPA I. galbana 
docosahexaenoic acid (DHA; C22: 6n-3) 
U. lactuca DHA 
 I. galbana 
(P > 0.05)DHAC. muelleri 
)( )(
(ARA; C20: 4n-6)I. galbana 
C. muelleri C. 
sinousa 
n-3 PUFA I. galbana 
) .(
)
(n-6 PUFA 
%U.lactuca %
< 0.05) (P %
  
C. muellerin-3 PUFA n-6 PUFA (P > 0.05)
) (
n3/n-6 
(P > 0.05).
 I. galbana
f/2 a.
Green algae Brown algae Red algae 
     Control U. lactuca 
E. 
inistinalis 
S. 
ilicifolium C. sinuosa 
G. 
corticata 
H. 
valentiae 
C14:0 14.6 ± 1.4a 11.3 ± 0.5b 12.1 ± 1.0b 11.9 ± 0.3b 12.1 ± 0.8b 12.4 ± 0.6b 11.3 ± 0.5b
C16:0 9.6 ± 0.7 9.1 ± 1.1 8.6 ± 0.3 9.3 ± 0.1 9.2 ± 0.4 9.3 ± 0.4 8.9 ± 1.3 
C18:0 4.9 ± 1.5 5.4 ± 1.5 5.3 ± 1.4 4.3 ± 0.9 5.0 ± 0.3 4.4 ± 0.5 5.1 ± 0.1 
C20:0          -         -         - 0.8 ± 0.2a 0.5 ± 0.1b 0.5 ± 0.2b 0.5 ± 0.1b
C22:0 0.7 ± 0.2         -         -            -           -            -           - 
C24:0 3.2 ± 0.3a 2.6 ± 0.3b 2.5 ± 0.2b 2.3 ± 0.4b 1.1 ± 0.1c 1.6 ± 0.1c 2.4 ± 0.5b
C14:1n-5 0.7 ± 0.0b         -         - 0.6 ± 0.1b 1.0 ± 0.3a 1.2 ± 0.3a 0.5 ± 0.1c
C16:1n-7 7.7 ± 0.4c 8.9 ± 0.2bc 8.8 ± 0.7bc 9.3 ± 0.9ab 10.2 ± 0.9a 10.4 ± 0.4a 10.4 ± 0.8a
C18:1n-7 2.4 ± 0.2b 2.9 ± 0.2b 2.8 ± 0.8b 4.5 ± 0.3a 4.1 ± 1.2a 3.4 ± 0.2ab 3.5 ± 0.2ab
C18:1n-9 11.6 ± 1.0ab 12.2 ± 0.8a 11.4 ± 0.5ab 11.5 ± 0.2ab 10.9 ± 0.8b 10.7 ± 0.2b 10.8 ± 0.1b
C20:1n-9 0.9 ± 0.3b 0.9 ± 0.2b 1.8 ± 0.3a 2.0 ± 0.2a 1.8 ± 0.3a 1.7 ± 0.4a 1.6 ± 0.6a
C22:1n-9          -         - 0.6 ± 0.1c            - 0.9 ± 0.3b 0.8 ± 0.1bc 1.3 ± 0.2a
C18:3n-3 12.2 ± 1.5 12.8 ± 0.6 13.4 ± 1.6 12.9 ± 0.5 13.2 ± 0.6 12.9 ± 0.4 12.7 ± 1.2 
C20:3n-3 0.6 ± 0.2b         -         - 0.9 ± 0.1ab 0.8 ± 0.3ab 1.1 ± 0.2a          - 
C20:5n-3 (EPA) 
b 1.1 ± 0.3 1.0 ± 0.1 1.2 ± 0.1 1.1 ± 0.1 1.0 ± 0.1 1.2 ± 0.0 1.1 ± 0.2 
C22:6n-3 (DHA) 
b 9.7 ± 0.6a 9.4 ± 1.0a 8.4 ± 0.3ab 7.8 ± 0.6b 7.6 ± 0.5b 7.8 ± 0.8b 8.8 ± 0.9ab
C18:2n-6 17.7 ± 0.1b 20.3 ± 0.7a 20.0 ± 0.6a 18.1 ± 0.9b 17.9 ± 0.7b 17.5 ± 1.2b 19.4 ± 0.4a
C20:2n-6 2.2 ± 0.3ab 2.9 ± 0.4a 2.3 ± 0.4ab 2.3 ± 0.5ab 2.1 ± 0.4b 2.1 ± 0.2b 1.0 ± 0.4c
C20:4n-6 (AA) b          -         -         -            - 0.7 ± 0.1 0.7 ± 0.4          - 
 SFA b 33.0 ± 1.3a 28.5 ± 0.4b 28.6 ± 2.2b 28.6 ± 1.0b 28.9 ± 0.2b 28.4 ± 0.3b 28.3 ± 2.4b
 MUFA b 23.5 ± 0.5c 25.2 ± 0.7 b 25.8 ± 1.3b 28.3 ± 0.9a 27.9 ± 1.1a 28.2 ± 0.5a 28.4 ± 1.3a
 PUFA b 43.6 ± 1.8b 46.3 ± 0.8a 45.6 ± 2.0a 43.1 ± 0.5b 43.2 ± 1.2b 43.4 ± 0.7b 43.3 ± 1.6b
 n-3 23.7 ± 1.6 23.2 ± 1.7 23.0 ± 1.9 22.7 ± 0.7 22.5 ± 1.4 23.0 ± 1.1 22.6 ± 1.9 
 n-6 19.9 ± 0.3b 23.2 ± 1.0a 22.6 ± 0.4a 20.4 ± 0.7b 20.7 ± 0.3b 20.4 ± 1.8b 20.8 ± 0.4b
n-3/n-6 1.2 ± 0.1 1.0 ± 0.1 1.0 ± 0.1 1.1 ± 0.1 1.1 ± 0.1 1.1 ± 0.2 1.1 ± 0.1 
DHA/EPA b 8.6 ± 2.5ab 9.7 ± 0.2a 6.8 ± 0.7ab 7.0 ± 1.2ab 7.8 ± 0.8ab 6.6 ± 0.7b 7.8 ± 2.1ab
a±S.D. (P < 0.05)
SFA, MUFA, EPA, DHA, AAbPUFAarachidonicdocosahexaenoiceicosapentaenoic
monounsaturatedsaturatedpolyunsaturated fatty acids
(-) 
   
 I. galbana
f/2  a. 
Green algae Brown algae Red algae 
     Control U. lactuca 
E. 
inistinalis 
S. 
ilicifolium 
C. 
sinuosa G. corticata 
H. 
valentiae 
C14:0 14.6 ± 1.4a 14.8 ± 0.9 14.9 ± 1.0  15.1 ± 1.0b 13.9 ± 0.6b 14.6 ± 0.5 14.1 ± 0.5b
C16:0 9.6 ± 0.7 10.7 ± 1.1 11.2 ± 0.3 9.9 ± 0.9 9.7 ± 1.3 11.2 ± 1.3 10.5 ± 0.5
C18:0 4.9 ± 1.5 5.2 ± 1.5 6.5 ± 1.4 6.0 ± 0.2 5.6 ± 0.5 6.1 ± 0.3 6.1 ± 0.8
C20:0          -            - 0.4 ± 0.2b 0.7 ± 0.2a 0.5 ± 0.1b 0.6 ± 0.2a 0.5 ± 0.1b
C22:0 0.7 ± 0.2            -          -            -           -            -           - 
C24:0 3.2 ± 0.3a 2.4 ± 0.3b 2.4 ± 0.2b 1.8 ± 0.3b 1.2 ± 0.1c 1.8 ± 0.5b 2.4 ± 0.4b
C14:1n-5 0.7 ± 0.0b 0.3 ± 0.0d 0.4 ± 0.0c 0.7 ± 0.2b 1.1 ± 0.3a 1.2 ± 0.1a 0.5 ± 0.1c
C16:1n-7 7.7 ± 0.4c 7.5 ± 0.2 7.4 ± 0.7 7.3 ± 0.7ab 8.7 ± 1.0a 7.6 ± 0.8 8.1 ± 0.6a
C18:1n-7 2.4 ± 0.2b 3.2 ± 0.2 2.9 ± 0.8 2.9 ± 0.7a 3.3 ± 0.4a 2.3 ± 0.2 2.0 ± 0.1ab
C18:1n-9 11.6 ± 1.0ab 11.9 ± 0.8 12.3 ± 0.5 12.8 ± 0.6ab 12.1 ± 0.8b 12.8 ± 1.1 12.9 ± 0.1b
C20:1n-9 0.9 ± 0.3b 1.0 ± 0.2b 1.5 ± 0.3ab 2.3 ± 0.2a 2.0 ± 0.3a 1.9 ± 0.6a 1.6 ± 0.6a
C22:1n-9          -            - 0.7 ± 0.1a            - 1.0 ± 0.3b 0.8 ± 0.2a 1.3 ± 0.2a
C18:3n-3 12.2 ± 1.5 11.9 ± 0.6 10.9 ± 1.6 10.0 ± 0.7 10.4 ± 0.6 10.6 ± 1.2 11.0 ± 1.3
C20:3n-3 0.6 ± 0.2b            -          - 1.0 ± 0.2ab 0.8 ± 0.3ab 1.2 ± 0.2a           - 
C20:5n-3 (EPA) 
b 1.1 ± 0.3 1.1 ± 0.1 1.1 ± 0.1 1.0 ± 0.1 1.0 ± 0.1 1.0 ± 0.2 1.1 ± 0.2
C22:6n-3 (DHA) 
b 9.7 ± 0.6a 9.2 ± 1.0 8.3 ± 0.3 10.0 ± 0.6b 10.0 ± 0.3b 8.5 ± 0.9 10.5 ± 0.8ab
C18:2n-6 17.7 ± 0.1b 17.3 ± 0.7a 16.2 ± 0.6ab 15.6 ± 0.9b 15.4 ± 0.9b 15.6 ± 1.4b 14.2 ± 0.9a
C20:2n-6 2.2 ± 0.3ab 3.4 ± 0.4a 2.6 ± 0.4b 2.7 ± 0.6ab 2.3 ± 0.4b 2.4 ± 0.4b 2.5 ± 0.4c
C20:4n-6 (AA) b          -            - 0.3 ± 0.1b            - 0.8 ± 0.2 0.8 ± 0.2a           - 
 SFA b 33.0 ± 1.3a 33.1 ± 1.6 35.3 ± 2.2 33.5 ± 1.0b 31.0 ± 1.5b 34.6 ± 2.4 33.6 ± 0.8b
 MUFA b 23.5 ± 0.5c 23.8 ± 0.7b 25.3 ± 1.3ab 26.3 ± 1.9a 28.2 ± 0.2a 26.6 ± 1.3a 26.7 ± 0.9a
 PUFA b 43.6 ± 1.8b 43.0 ± 1.1ab 39.4 ± 2.0c 40.2 ± 1.5b 40.8 ± 1.3b 40.1 ± 1.6bc 39.6 ± 0.56b
 n-3 23.7 ± 1.6 22.1 ± 1.7ab 20.3 ± 1.9b 22.0 ± 0.6 22.3 ± 0.5 21.3 ± 1.9ab 22.6 ± 1.6
 n-6 19.9 ± 0.3b 20.7 ± 1.0a 19.1 ± 0.4b 18.2 ± 0.9b 18.5 ± 1.3b 18.8 ± 0.4b 17.0 ± 1.2b
n-3/n-6 1.2 ± 0.1 1.1 1.1 1.2 ± 0.0 1.2 ± 0.1 1.1 1.3 ± 0.2
DHA/EPA b 8.6 ± 2.5ab 8.6 8.4 9.8 ± 1.4ab 9.2 ± 1.0ab 8.7 9.2 ± 2.1ab
a±S.D. (P < 0.05)
SFA, MUFA, EPA, DHA, AAbPUFAarachidonicdocosahexaenoiceicosapentaenoic
monounsaturatedsaturatedpolyunsaturated fatty acids
(-) 
  
 C. muelleri 
f/2  a. 
a±S.D. (P < 
0.05)
SFA, MUFA, EPA, DHA, AAbPUFAarachidonicdocosahexaenoiceicosapentaenoic
monounsaturatedsaturatedpolyunsaturated fatty acids
(-) 
Green algae Brown algae Red algae 
Fatty acids 
Control U. lactuca 
E. 
inistinalis 
S. 
ilicifolium   
C. 
sinuosa 
G. 
corticata 
H. 
valentiae 
C14:0 10.4 ± 1.0 9.7 ± 2.1 9.4 ± 1.8 11.2 ± 0.6 10.3 ± 1.2 10.2 ± 0.9 10.7 ± 1.1 
C16:0 9.8 ± 0.5a 8.4 ± 0.8ab 7.8 ± 0.6b 6.7 ± 1.7b 7.0 ± 0.9b 7.5 ± 0.5b 7.7 ± 0.9b 
C18:0 3.3 ± 0.2  3.5 ± 0.7 3.2 ± 0.3  3.9 ± 1.1 4.0 ± 0.9  3.0 ± 0.5 3.7 ± 0.2 
C20:0            -            - 1.7 ± 0.3a 0.9 ± 0.3b 0.7 ± 0.2c          - 0.8 ± 0.2b 
C22:0            -            - 0.5 ± 0.1b              -            - 1.1 ± 0.2a            - 
C24:0            -            - 1.8 ± 0.8a              - 0.5 ± 0.1c 0.7 ± 0.3bc 1.1 ± 0.2b 
C14:1n-5 7.9 ± 0.4bc 8.6 ± 0.7ab 8.7 ± 0.9ab 7.0 ± 1.2cd 10.0 ± 1.0a 7.5 ± 0.7bc 5.9 ± 0.4d 
C16:1n-7 21.9 ± 1.6 21.9 ± 0.4 20.0 ± 0.7 21.0 ± 4.8 21.2 ± 2.2 21.1 ± 0.9 22.1 ± 1.8 
C18:1n-7 4.3 ± 0.8 4.1 ± 0.7 3.8 ± 0.6 4.8 ± 0.7 4.0 ± 0.9 5.0 ± 0.3 4.9 ± 0.2 
C18:1n-9 3.0 ± 0.1 2.2 ± 0.7 2.3 ± 0.6 2.5 ± 0.8 3.0 ± 0.5 2.7 ± 0.7 3.4 ± 0.7 
C20:1n-9            - 1.2 ± 0.5ab 1.4 ± 0.3ab 1.0 ± 0.4b 1.7 ± 0.4ab 1.6 ± 0.6ab 2.0 ± 0.8a 
C22:1n-9            -            -            - 1.2 ± 0.5a           - 0.6 ± 0.2b            - 
C24:1n-9 0.7 ± 0.2ab 0.8 ± 0.2a            -              - 0.5 ± 0.1b           -            - 
C18:3n-3 2.1 ± 0.4ab 1.7 ± 0.1abc 2.5 ± 0.6a 2.4 ± 0.3a 1.3 ± 0.4c 1.9 ± 0.6abc 1.5 ± 0.3bc 
C20:3n-3 1.5 ± 0.2b 2.3 ± 0.7a 1.8 ± 0.4ab 1.1 ± 0.4b 1.3 ± 0.2b 1.1 ± 0.2b 1.1 ± 0.3b 
C20:5n-3 (EPA) b 23.3 ± 1.2 23.5 ± 1.8 23.4 ± 1.3 23.3 ± 1.7 23.3 ± 1.3 23.3 ± 1.5 23.2 ± 1.5 
C22:6n-3 (DHA) 
b 1.0 ± 0.1 1.2 ± 0.3 1.1 ± 0.3 1.1 ± 0.3 1.0 ± 0.2 1.0 ± 0.3 1.1 ± 0.2 
C18:2n-6 5.8 ± 0.3c 5.8 ± 0.7c 6.5 ± 0.1ab 7.2 ± 1.2a 6.1 ± 0.5ab 7.1 ± 0.3a 6.3 ± 0.7ab 
C20:2n-6            - 0.5 ± 0.1b            -  1.0 ± 0.5a 1.0 ± 0.4a 0.7 ± 0.1ab 0.7 ± 0.2ab 
C20:4n-6 (AA) b 4.0 ± 0.5a  3.8 ± 0.5ab 3.8 ± 0.5ab  3.4 ± 0.7ab  2.9 ± 0.4b  3.1 ± 0.5ab  3.9 ± 0.7ab  
 SFA b 24.2 ± 0.8  22.4 ± 3.4 24.4 ± 1.9  23.0 ± 1.2 22.5 ± 1.6  23.2 ± 1.9 24.0 ± 2.0 
 MUFA b 38.2 ± 2.5ab 37.9 ± 0.8ab 37.1 ± 1.3b 37.3 ± 3.9ab 37.2 ± 3.4a 
37.6 ± 
1.1ab 37.4 ± 2.8ab 
 PUFA b 37.6 ± 1.3 38.4 ± 2.8 37.9 ± 0.8 37.4 ± 2.8 37.5 ± 1.9 38.1 ± 0.9 37.6 ± 1.6 
 n-3 28.0 ± 0.9 28.7 ± 2.6 28.8 ± 1.3 27.8 ± 1.6 27.0 ± 1.5 27.3 ± 1.2 26.8 ± 1.7 
 n-6 10.2 ± 0.4 10.1 ± 0.3 10.7 ± 0.5 11.6 ± 1.4 10.0 ± 1.4 10.9 ± 0.4 10.8 ± 1.2 
n-3/n-6 2.9 ± 0.1a 3.0 ± 0.2a 2.7 ± 0.2ab 2.4 ± 0.2b 2.7 ± 0.1ab 2.5 ± 0.2ab 2.5 ± 0.4ab 
DHA/EPA b 0.04 0.05 0.05 0.05 0.05 0.04 0.04 
   
 C. muelleri
f/2  a.  
a±S.D. (P < 0.05)
SFA, MUFA, EPA, DHA, AAbPUFAarachidonicdocosahexaenoiceicosapentaenoic
monounsaturatedsaturatedpolyunsaturated fatty acids
(-) 
Green algae Brown algae Red algae 
Fatty acids 
Control U. lactuca 
E. 
inistinalis 
S. 
ilicifolium   
C. 
sinuosa 
G. 
corticata 
H. 
valentiae 
C14:0 10.4 ± 1.0 10.8 ± 1.0 11.1 ± 1.3 11.5 ± 0.7 11.3 ± 0.3 10.9 ± 1.2 11.0 ± 1.5
C16:0 9.8 ± 0.5a 9.6 ± 0.5a 9.1 ± 0.9a 7.7 ± 0.8b 7.4 ± 0.6b 7.6 ± 0.6b 7.4 ± 0.7b
C18:0 3.3 ± 0.2  3.8 ± 0.4 3.8 ± 0.8  4.3 ± 0.6 4.2 ± 0.7  4.2 ± 0.8 4.0 ± 0.2 
C20:0            - 0.8 ± 0.2b 1.2 ± 0.3a 0.8 ± 0.4b 0.8 ± 0.2b          - 0.9 ± 0.2ab
C22:0            -        -          - 0.6 ± 0.1b          - 1.0 ± 0.1a          - 
C24:0            -        -          -          - 0.6 ± 0.2b 0.7 ± 0.3b 0.9 ± 0.6a
C14:1n-5 7.9 ± 0.4ab 7.7 ± 0.5ab 8.9 ± 0.9a 8.0 ± 0.6ab 8.4 ± 1.4ab 8.1 ± 0.8ab 7.1 ± 0.4b
C16:1n-7 21.9 ± 1.6 21.9 ± 1.2 21.7 ± 0.9 22.3 ± 1.1 21.5 ± 1.0 21.6 ± 0.8 21.3 ± 2.3
C18:1n-7 4.3 ± 0.8 4.2 ± 0.8 4.1 ± 0.6 4.9 ± 1.2 4.2 ± 0.5 4.8 ± 0.5 5.4 ± 0.7
C18:1n-9 3.0 ± 0.1 3.1 ± 0.8 2.7 ± 0.6 2.7 ± 0.8 3.2 ± 0.7 2.5 ± 0.6 3.6 ± 0.4
C20:1n-9            -        -          -          - 1.8 ± 0.4a 1.3 ± 0.5b 1.8 ± 0.5a
C22:1n-9            - 0.5 ± 0.1a          -          -          -          -          - 
C24:1n-9 0.7 ± 0.2a 0.7 ± 0.2a          -          - 0.5 ± 0.1b          -          - 
C18:3n-3 2.1 ± 0.4a 2.1 ± 0.5a 1.8 ± 0.5ab 1.1 ± 0.3b 1.4 ± 0.4ab 1.7 ± 0.5ab 1.5 ± 0.4ab
C20:3n-3 1.5 ± 0.2ab 1.0 ± 0.3b 1.7 ± 0.3a 1.3 ± 0.4ab 1.4 ± 0.2ab 1.1 ± 0.2b 1.0 ± 0.2b
C20:5n-3 (EPA) b 23.3 ± 1.2 23.1 ± 1.8 23.2 ± 1.4 23.2 ± 1.2 22.6 ± 2.5 22.6 ± 1.6 22.3 ± 1.1
C22:6n-3 (DHA) b 1.0 ± 0.1 0.9 ± 0.2 0.9 ± 0.1 0.8 ± 0.2 0.8 ± 0.1 0.9 ± 0.3 0.8 ± 0.3
C18:2n-6 5.8 ± 0.3 5.5 ± 0.7 5.5 ± 0.9 6.3 ± 0.8 6.1 ± 1.4 6.2 ± 0.2 6.2 ± 0.8
C20:2n-6 0.4 ± 0.1b 0.4 ± 0.1b          -  0.6 ± 0.2ab 1.0 ± 0.4a 0.9 ± 0.3a 0.8 ± 0.4a
C20:4n-6 (AA) b 4.0 ± 0.5   3.8 ± 0.3 3.6 ± 0.5   3.6 ± 0.7  3.1 ± 0.5   3.9 ± 0.3 3.9 ± 0.6  
 SFA b 24.2 ± 0.8  25.3 ± 1.1 25.5 ± 0.8  24.9 ± 1.6 24.3 ± 1.4  24.4 ± 1.2 24.2 ± 1.7 
 MUFA b 38.2 ± 2.5 38.0 ± 1.7 37.5 ± 2.5 38.3 ± 1.3 39.2 ± 3.3 38.3 ± 1.5 39.2 ± 3.1
 PUFA b 37.6 ± 1.3 36.8 ± 0.7 37.1 ± 2.1 36.8 ± 0.9 35.9 ± 1.9 37.3 ± 1.1 36.6 ± 2.5
 n-3 28.0 ± 0.9 27.1 ± 1.2 27.6 ± 2.0 26.3 ± 1.6 25.7 ± 2.4 26.3 ± 1.2 25.6 ± 1.0
 n-6 10.2 ± 0.4 9.7 ± 0.6 9.5 ± 1.5 10.5 ± 1.0 10.2 ± 1.2 11.0 ± 0.4 10.9 ± 1.5
n-3/n-6 2.9 ± 0.1 2.8 ± 0.3 2.9 ± 0.6 2.5 ± 0.3 2.5 ± 0.5 2.4 ± 0.1 2.3 ± 0.2
DHA/EPA b 0.04 0.04 0.04 0.03 0.03 0.04 0.04 
  
I. galbana C. muelleri 
I. galbana U. lactuca 
(P > 0.05)
mg/100 g I. galbana
 a
.
Green seaweed Brown algae Red algae 
Minerals Control 
U. 
lactuca E. intestinalis S. ilicifolium C. sinuosa 
G. 
corticata H. valentiae 
Iron 
Exp. 1 90.6 ± 4.0 91.2 ± 4.2 89.1 ± 7.9  88.0 ± 3.0 97.5 ± 9.8 87.9 ± 5.1 95.9 ± 8.4  
Exp. 2 90.6 ± 4.0 88.7 ± 4.3 86.5 ± 8.1    nd nd 89.3 ± 5.9 nd 
Copper 
     Exp. 1 0.6 ± 0.1 0.7 ± 0.1 0.7 ± 0.1  0.7 ± 0.1 0.7 ± 0.1 0.6 ± 0.1 0.6 ± 0.1  
     Exp. 2 0.6 ± 0.1 0.7 ± 0.1 0.7 ± 0.1   nd nd 0.7 ± 0.1 nd 
Potassium 
    Exp. 1 410.1 ± 21.6ab 422.7 ± 10.6a 399.0 ± 19.8ab 420.0 ± 16.8ab
414.5 ± 
10.8ab 381.8 ± 25.9b 401.7 ± 21.7ab 
    Exp. 2 410.1 ± 21.6 415.3 ± 14.4 385.0 ± 17.0 nd nd 386.7 ± 26.5 nd 
Zinc 
     Exp. 1 93.7 ± 17.3 92.3 ± 14.0 88.1 ± 11.0 90.1 ± 12.5 84.6 ± 5.3 84.0 ± 28.5 86.7 ± 27.4  
     Exp. 2 93.7 ± 17.3 96.4 ± 16.6 93.8 ± 15.1 nd nd 88.9 ± 16.3 nd 
Manganese 
    Exp. 1 16.4 ± 4.3 16.7 ± 4.1 14.2 ± 1.2  16.1 ± 0.4 15.4 ± 4.2 13.8 ± 4.7 15.1 ± 1.8  
    Exp. 2 16.4 ± 4.3 16.1 ± 2.1 13.4 ± 3.5   nd nd 15.1 ± 2.5 nd 
Magnesium 
    Exp. 1 338.3 ± 17.2 345.5 ± 3.8 324.9 ± 20.9  344.6 ± 6.4 334.9 ± 12.8 325.9 ± 31.0 328.7 ± 25.2  
    Exp. 2 338.3 ± 17.2 337.9 ± 10.4 338.2 ± 23.0 nd nd 313.2 ± 15.2 nd 
a±S.D.(P < 0.05)
   
mg/100 g C. muelleri
 a
.  
C. muelleriI. galbana PZIII
(P < 0.05)
(P > 0.05)
 I. galbana 
Green seaweed Brown algae Red algae 
Minerals Control    U. lactuca   E. intestinalis S. ilicifolium       C. sinuosa   G. corticata 
   H. 
valentiae 
Iron 
Exp. 1 102.8 ± 5.8 101.5 ± 6.5  109.3 ± 4.2  101.6 ± 4.7 103.9 ± 5.9  100.8 ± 7.3   99.8 ± 3.0 
Exp. 2 102.8 ± 5.8 100.2 ± 3.7  106.4 ± 8.1  99.2 ± 6.8 101.6 ± 7.8  101.1 ± 4.9   99.0 ± 5.2 
Copper 
     Exp. 1 1.4 ± 0.2   1.3 ± 0.1  1.3 ± 0.3   1.2 ± 0.2  1.4 ± 0.2  1.4 ± 0.3  1.2 ± 0.2
     Exp. 2 1.4 ± 0.2   1.3 ± 0.1  1.5 ± 0.2   1.3 ± 0.1  1.3 ± 0.2  1.5 ± 0.2  1.3 ± 0.1
Potassium 
    Exp. 1 357.9 ± 16.8   347.1 ± 12.7  329.7 ± 16.0   336.3 ± 22.6  338.2 ± 21.5 340.5 ± 14.5  334.4 ± 25.9
    Exp. 2 357.9 ± 16.8   340.9 ± 7.57  332.4 ± 12.6   339.5 ± 8.7  335.9 ± 19.6 339.3 ± 5.8  339.0 ± 23.0
Zinc 
     Exp. 1 78.2 ± 6.4   79.6 ± 4.2   80.9 ± 3.6   78.7 ± 3.5  77.8 ± 8.6  78.0 ± 2.7   77.9 ± 6.1
     Exp. 2 78.2 ± 6.4   79.1 ± 8.1  78.2 ± 2.8   77.9 ± 3.8  78.3 ± 4.9  77.1 ± 3.3   78.1 ± 4.5
Manganese 
    Exp. 1 13.2 ± 0.7 13.0 ± 0.5  13.4 ± 0.6   13.6 ± 0.4  12.8 ± 1.3  12.7 ± 0.9  13.5 ± 1.1 
    Exp. 2 13.2 ± 0.7 12.8 ± 0.6  13.5 ± 0.9   13.3 ± 1.0  13.2 ± 1.3  13.0 ± 1.3  13.4 ± 1.4 
Magnesium 
    Exp. 1 217.9 ± 14.8  210.9 ± 12.3  224.2 ± 37.4  226.2 ± 26.8 211.7 ± 27.6 207.0 ± 19.2   208.3 ± 17.4 
    Exp. 2 217.9 ± 14.8  212.2 ± 12.3  219.5 ± 21.2  218.9 ± 22.3 212.6 ± 24.5 215.4 ± 16.8   214.4 ± 20.6 
a±S.D. (P < 0.05)
  
I. galbanaC. muelleri
S. ilicifoliumC. sinousaH. valentiae
PZIII
PZIIIMIMIIMI 
I.galbanaC. muelleri mixed 
MII, I. galbana C. muelleri mixed microalgae
PZIIIMII
 C. muelleri I. galbana
   
P. indicus 
cell ml-1
1  
Stage composition (%)2 
PZ1 PZ2 Survival rate (%) 
Diet Diet Diet Treatments 
ISO3 CHA3 Mix3  ISO   CHA   Mix  ISO CHA   Mix 
Control 22 20a 10a 78 80c 90b 58 ± 2 65 ± 4c 82 ± 5b 
U. lactuca 19 13c 0b 81 87a 100a 63 ± 6 80 ± 6a 95 ± 3a 
E. intestinalis 18 15bc 0b 82 85ab 100a 65 ± 8 81 ± 8a 94 ± 4a 
S. ilicifolium 20 18ab 7a 80 82bc 93b 62 ± 3 78 ± 9ab 91 ± 6ab 
C. sinousa 22 17abc 10a 78 83abc 90b 60 ± 5 68 ± 3bc 85 ± 9ab SW
E-
Su
p4
 
G. corticata 10 15bc 2b 80 85ab 98a 64 ± 4 82 ± 5a 94 ± 6a 
H. valentiae 21 16abc 8a 79 84abc 92b 62 ± 6 68 ± 4bc 87 ± 8ab 
Control 22D 20C 10C 78A 80A 90A 58 ± 2 65 ± 4 82 ± 5 
U. lactuca 25CD 24C 11C 75AB 76A 92A 57 ± 7 72 ± 9 84 ± 8 
E. intestinalis 28BCD 22C 11C 72ABC 78A 89A 55 ± 5 70 ± 6 82 ± 5 
S. ilicifolium 33AB 29AB 18A 67BC 71BC 82B 55 ± 3 67 ± 7 76 ± 6 
C. sinousa 32AB 30AB 20A 68BC 70BC 80B 51 ± 6 66 ± 6 78 ± 5 SW
E-
A
lt4
 
G. corticata 28BCD 25BC 12B 72ABC 75AB 90A 53 ± 5 73 ± 5 83 ± 8 
H. valentiae 34A 32A 21A 66C 68C 79B 51 ± 8 67 ± 5 76 ± 8 
1±S.D. 
(P < 0.05)
2
3ISOCHAMixedI. galbanaC. Muelleri I. galbana + C. Muelleri
SWE-Sup 4SWE-Alt 
  
P. indicus 
cell ml-1
1 
Stage Composition (%)2 
PZ3 M1 M2 Survival rate (%) 
Diet Diet Diet Diet 
Treatment ISO3 CHA3 Mix3 ISO CHA Mix ISO CHA Mix  ISO     CHA    Mix 
Control 41a 27a 14a 59c 70b 71 0 3c 15c 44 ± 6b 52 ± 5b 64 ± 8b 
U. lactuca 30b 11c 6c 70a 80a 68 0 9a 26a 54 ± 5a 63 ± 8ab 77 ± 5a 
E. intestinalis 32bc 23b 8bc 68ab 69b 71 0 8a 21ab 56 ± 8a 67 ± 4a 79 ± 6a 
S. ilicifolium 35b 25ab 11b 65b 71b 71 0 4bc 18bc 49 ± 7ab 62 ± 8ab 75 ± 7a 
C. sinousa 36b 28a 14a 64b 69b 70 0 3c 16bc 48 ± 9ab 60 ± 4ab 68 ± 9ab S
W
E-
Su
p4
 
G. corticata 33bc 27a 9b 67ab 67b 69 0 6abc 22ab 56 ± 6a 68 ± 3a 79 ± 6a 
H. valentiae 37ab 28a 15a 63bc 69b 70 0 3c 15c 47 ± 8ab 59 ± 9ab 67 ± 5ab 
Control 41 27E 14C 59 70A 71 0 3A 15 44 ± 6 52 ± 5 64 ± 8 
U. lactuca 40 32D 18B 60 66AB 69 0 2A 13 50 ± 2 53 ± 7 68 ± 7 
E. intestinalis 43 36C 17BC 57 64BC 67 0 0B 16 48 ± 8 51 ± 3 69 ± 3 
S. ilicifolium 45 38BC 20B 55 62BC 69 0 0B 11 45 ± 5 49 ± 6 65 ± 5 
C. sinousa 45 45A 20B 55 55D 70 0 0B 11 44 ± 7 48 ± 5 66 ± 2 S
W
E-
A
lt4
 
G. corticata 43 36CD 17BC 57 62BC 69 0 2A 13 48 ± 4 50 ± 9 70 ± 5 
H. valentiae 46 41AB 24A 54 59CD 67 0 0B 11 43 ± 6 47 ± 5 63 ± 6 
1±S.D. (P < 0.05)
2
3ISOCHAMixedI. galbanaC. Muelleri I. galbana + C. Muelleri
SWE-Sup 4SWE-Alt .   
I. galbana C. muelleri 
PZIIIMI
MII
I. galbanaC. muelleri 
   
(P <0.05)
(P > 0.05)
P. indicus 
 I. galbana (ISO)C. Muelleri (CHA)(ISO + CHA)
(A)(B) 
  
(mm) (% day-1)
mmI. galbanammC. muelleri mm
(P < 0.05)mmI. galbana mmmuelleriC.mm
mixed microalgae
I. galbanaC. muelleri
C. muelleri 
S. ilicifoliumC. sinousa H. valentiae
(P < 0.05)
 (P < 0.05)
I. galbanaC. muelleri
(P < 0.05)
I. galbanaC. muelleri
C. muelleri 
C. sinousa H. valentiae
   
(P < 0.05)
(P < 0.05)
(mm) (% day-1)P. indicus 
cell ml-1
1 
±S.D. (P < 0.05)
2568 ± 0.01 mm
3ISOCHAMixedI. galbanaC. Muelleri I. galbana + C. Muelleri
SWE-Sup 4SWE-Alt 
interaction
Final length2 Specific growth rate 
Diet Diet 
       ISO3       CHA3      Mix3 ISO  CHA    Mix 
Control 3.05 ± 0.02c 3.10 ± 0.01d 3.22 ± 0.02c 24.79c 25.02c 25.56c 
U. lactuca 3.14 ± 0.01a 3.23 ± 0.01a 3.30 ± 0.01a 25.19ab 25.66a 25.92a 
E. intestinalis 3.12 ± 0.02ab 3.16 ± 0.03b 3.28 ± 0.02ab 25.32a 25.29b 25.80ab 
S. ilicifolium 3.10 ± 0.01b 3.14 ± 0.01bc 3.26 ± 0.01b 25.06ab 25.21bc 25.76ab 
C. sinousa 3.09 ± 0.02b 3.12 ± 0.02cd 3.26 ± 0.02b 24.98b 25.14bc 25.74ab S
W
E-
Su
p4
 
G. corticata 3.12 ± 0.02ab 3.13 ± 0.02bc 3.27 ± 0.02ab 25.12ab 25.19bc 25.79ab 
H. valentiae 3.09 ± 0.02b 3.12 ± 0.02cd 3.23 ± 0.02c 24.95b 25.11bc 25.62bc 
Control 3.05 ± 0.02 3.10 ± 0.01A 3.22 ± 0.02A 24.79 25.02A 25.56A 
U. lactuca 3.04 ± 0.02 3.10 ± 0.02A 3.20 ± 0.02A 24.73 25.02A 25.48AB 
E. intestinalis 3.04 ± 0.01 3.07 ± 0.03AB 3.21 ± 0.01A 24.75 24.85ABC 25.53AB 
S. ilicifolium 3.03 ± 0.01 3.05 ± 0.02B 3.19 ± 0.03AB 24.71 24.82ABC 25.42AB 
C. sinousa 3.04 ± 0.02 3.01 ± 0.03C 3.20 ± 0.03AB 24.75 24.61C 25.47AB S
W
E-
A
lt4
 
G. corticata 3.06 ± 0.02 3.07 ± 0.03AB 3.21 ± 0.02A 24.78 24.91AB 25.49AB 
H. valentiae 3.02 ± 0.03 3.04 ± 0.02BC 3.16 ± 0.03B 24.62 24.73BC 25.31B 
  
I. galbanaC. muelleri
P< 0.05,=FP< 0.05,=F
P< 0.05,=FP< 0.05,=F
P < 0.05,=F
P < 0.05,=FP < 0.05,=FP < 0.05,=F
1F-statistic
Diet2 I. galbanaC. Muelleri I. galbana + C. Muelleri
-3
, SWE-Sup - 4 SWE-Alt
Source of variation1
Diets2   Treatments3  Diet × Treatment 
Stage composition F=801.1,   P < 0.05 F=17.5,  P < 0.05    F=5.5,  P < 0.05 
Survival rate F=825.2,   P < 0.05 F=81.3,  P < 0.05 F=2.1,  P < 0.05 
Final length F=512.0,   P < 0.05 F=36.3,  P < 0.05 F=2.6,  P < 0.05 
SW
E-
Su
p4
 
Specific growth rate F=258.8,   P < 0.05 F=17.4,  P < 0.05 F=1.4,  P = 0.18 
Stage composition F=554.2,   P < 0.05 F=4.4,    P < 0.05 F=2.5,  P < 0.05 
Survival rate F=335.1,   P < 0.05 F=7.0,    P < 0.05 F=0.6,  P = 0.82 
Final length F=441.7,   P < 0.05 F=8.0,    P < 0.05 F=2.4,  P < 0.05 
SW
E-
A
lt4
 
Specific growth rate F=246.2,   P < 0.05 F=4.3,    P < 0.05 F=1.3,  P = 0.26 
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(De Pauw and Persoone, 1988)
Class Genus Examples of application 
Skeletonema PL, BL, BP 
Thalassiosira PL, BL, BP 
Phaeodactylum PL, BL, BP, ML, BS 
Chaetoceros PL, BL, BP, BS 
Cylindrotheca PL 
Bellerochea BP 
Actinocyclus BP 
Nitzchia BS 
Bacillariophyceae 
Cyclotella BS    
Isochrysis PL, BL, BP, ML, BS 
Pseudoisochrysis BL, BP, ML 
Haptophyceae 
Dicrateria BP    
Chrysophyceae Monochrysis (Pavlova) BL, BP, BS, MR    
Tetraselmis (Platymonas) PL, BL, BP, AL, BS, MR 
Pyramimonas BL, BP 
Prasinophyceae 
Micromonas BP    
Chroomonas BP 
Cryptomonas BP 
Cryptophyceae 
Rhodomonas BL, BP       
Xanthophyceae Olisthodiscus BP    
Carteria BP 
Chlamydomonas  BL, BP, FZ, MR, BS BP 
Chlorophyceae  
Dunaliella BP, BS, MR    
Cyanophyceae Spirulina PL, BP, BS, MR 
AL, abalone larvae;  
BL, bivalve mollusc larvae;  
BP, bivalve mollusc postlarvae; 
BS, brine shrimp (Artemia);  
FZ, freshwater zooplankton  
ML, freshwater prawn larvae;  
MR, marine rotifers (Brachionus); 
PL, penaeid shrimp larvae;   
   
(Laing, 1991)
Constituents Quantities 
Solution A (at 1 ml per liter of culture) 
Ferric chloride (FeCl3) 0.8 g(a) 
Manganous chloride (MnCl2, 4H2O) 0.4 g 
Boric acid (H3BO3) 33.6 g 
EDTA(b), di-sodium salt 45.0 g 
Sodium di-hydrogen orthophosphate (NaH2PO4, 2H2O) 20.0 g 
Sodium nitrate (NaNO3) 100.0 g 
Solution B 1.0 ml 
Make up to 1 litre with fresh water(c) Heat to dissolve  
Solution B 
Zinc chloride (ZnCl2) 2.1 g 
Cobaltous chloride (CoCl2,6 H2O) 2.0 g 
Ammonium molybdate ((NH4)6Mo7O24, 4H2O) 0.9 g 
Cupric sulphate (CuSO4, 5H2O) 2.0 g 
Concentrated HCl 10.0 ml 
Make up to 100 ml fresh water(c) Heat to dissolve  
Solution C (at 0.1 ml per liter of culture) 
Vitamin B1 0.2 g 
Solution E 25.0 ml 
Make up to 200 ml with fresh water(c)   
Solution D (for culture of diatoms-used in addition to solutions A and C, at 2 ml per liter of culture) 
Sodium metasilicate (Na2SiO3, 5H2O) 40.0 g 
Make up to 1 litre with fresh water(c) Shake to dissolve  
Solution E 
Vitamin B12 0.1 g 
Make up to 250 ml with fresh water(c)   
Solution F (for culture of Chroomonas salina - used in addition to solutions A and C, at 1 ml per liter of 
culture) 
Sodium nitrate (NaNO3) 200.0 g 
Make up to 1 litre with fresh water(c)  
(a) Use 2.0 g for culture of Chaetoceros calcitrans in filtered sea water;  
(b) Ethylene diamine tetra acetic acid;  
(c) Use distilled water if possible.  
  
(Smith et al., 1993)  
Component Stock Solution Quantity Molar Concentration in Final 
Medium 
NaNO3 75 g L-1 dH2O 1 mL 8.82 × 10-4 M 
NaH2PO4 H2O 5 g L-1 dH2O 1 mL 3.62 × 10-5 M 
Na2SiO3 9H2O 30 g L-1 dH2O 1 mL 1.06 × 10-4 M 
trace metal solution (see recipe below) 1 mL --- 
vitamin solution (see recipe below) 0.5 mL --- 
Trace metal solution 
Component Primary Stock Solution Quantity Molar Concentration in Final 
Medium 
FeCl3 6H2O --- 3.15 g 1.17 × 10-5 M 
Na2EDTA 2H2O --- 4.36 g 1.17 × 10-5 M 
CuSO4 5H2O 9.8 g L-1 dH2O 1 mL 3.93 × 10-8 M 
Na2MoO4 2H2O 6.3 g L-1 dH2O 1 mL 2.60 × 10-8 M 
ZnSO4 7H2O 22.0 g L-1 dH2O 1 mL 7.65 × 10-8 M 
CoCl2 6H2O 10.0 g L-1 dH2O 1 mL 4.20 × 10-8 M 
MnCl2 4H2O 180.0 g L-1 dH2O 1 mL 9.10 × 10-7 M 
Vitamin solution 
Component Primary Stock 
Solution 
Quantity Molar Concentration in Final 
Medium 
Thiamine HCl (vit. B1) --- 200 mg 2.96 × 10-7 M 
Biotin (vit. H) 0.1 g L-1 dH2O 10 mL 2.05 × 10-9 M 
Cyanocobalamin (vit. B12) 1.0 g L-1 dH2O 1 mL 3.69 × 10-10 M 
      
   
(Palanisamy et al., 1991
Concentration (mg l-1) Fertilizers 
A B C D E F 
Ammonium sulfate 150 100 300 100 - - 
Urea 7.5 5 - 10-15 - 12-15 
Calcium superphosphate 25 15 50 - - - 
Clewat 32 - 5 - - - - 
N:P 16/20 fertilizer - - - 10-15 - - 
N:P:K 16-20-20 - - - - 12-15 - 
N:P:K 14-14-14 - - - - - 30 
          
  
Abstract: 
The biochemical composition of three groups of seaweeds; green (Ulva lactuca and Enthromorpha intestinalis), 
brown (Sargassum illicifolium and Colpomenia sinuosa) and red (Hypnea valentiea and Gracilaria corticata) 
from the Persian Gulf and the effects of seaweed extracts (SWE) either as a supplement or as an alternative 
media to the f/2 medium on the growth and composition of two microalgae Isochrysis galbana and Chaetoceros 
muelleri cultured as live food for Penaeus indicus larvae were investigated. Results showed that seaweeds were 
relatively high in carbohydrate and ash, but low in lipid. Lipid content in green seaweed was significantly higher 
than both the red and brown seaweed (P<0.05). Protein content of both red and green seaweed was notably 
higher than brown seaweed (P<0.05). The red and green seaweed had the highest proportion of saturated fatty 
acids, while the brown and red seaweed had the highest proportion of monounsaturated and polyunsaturated fatty 
acids, respectively. The mineral compositions in seaweeds were found in the sequence of 
K>Mg>Fe>Zn>Mn>Cu>Co.  
The study clearly showed that the two microalgae I. galbana and C. muelleri could be successfully cultured 
using the various SWE either as a supplement or as an alternative to the f/2 medium. Since no major changes 
were found in most of the measured growth parameters, proximate composition, important polyunsaturated fatty 
acids and mineral content following culture of the microalgae with SWE as an alternative media, it was 
concluded that the SWE evaluated in the present study are able to provide the necessary nutrients for microalgae 
growth and could be used as a low cost nutritive media in establishing microalgal populations for use in 
aquaculture operations.  
The present study found that when shrimp larvae were fed on microalgae (exclusively or mixed) that had been 
cultured with SWE as a supplement media, they molted faster to mysis 2 (MII) stage compared to larvae fed on 
microalgae cultured with conventional f/2 media (Control). Maximum final total length, survival rate and 
specific growth rate were recorded for shrimp larvae fed on microalgae diets that included SWE as a supplement 
in the culture media compared to shrimp larvae fed the control diet. The overall growth performance clearly 
showed that P. indicus larvae were successfully reared using microalgae diets tested, and the shrimp larvae fed 
on mixed microalgae (I. galbana + C. muelleri) showed better larval growth, survival and development than 
those that were fed on single microalgal diet. Furthermore, similar larval growth, survival and development were 
obtained when shrimp larvae were fed with microalgae cultured with SWE as a substitute media to f/2 medium. 
In conclusion, microalgae cultured with SWE could potentially be used as a low-cost alternative method in 
producing live food for the hatchery production of shrimp larvae. 
 Key words: Seaweeds , Persian Gulf , microalgae , biochemical composition , Penaeus indicus , enrichment    
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